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© Mobile X-ray Image intenstfier. 



© In order to ensure safe and easy transport, a 
mobile X-ray diagnostic machine is built up of mod- 
ules in which, in particular, both the X-ray source - 
(32) and the X-ray image intensifier (34) are incor- 
' porated in separately removable modules (28, 30), 
for which purpose these are equipped with an 
electro-mechanical coupling mechanism for mount- 
ing on a C-arc (24). All the dismantling operations as 
such are marked unambiguously and in a desired 
sequence and the machine is blocked against activa- 
tion as long as all the modules for the relevant phase 
of use have not been assembled completely cor- 
rectly. 
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Mobile X-ray Image intensifier. 



The Invention relates to an X-ray diagnostic 
machine with a mobile support for a C-arc to which 
an X-ray source and an image intensifier tube are 
attached opposite each other. 

To ensure good image, formation in X-ray di- 
agnostic machines of this type it is very important 
for the X-ray source and the X-ray image intensifier 
tube to occupy an accurately reproducible, stable 
position with respect to each other. Normally, in 
order to position the machine with respect to, for 
example, a patient to be examined the entire video 
recording apparatus is simply placed in a desired 
position with respect to the latter, for which pur- 
pose the apparatus is mobile in construction, and 
the combination of source and detector is adjusted 
by moving the O-arc in the support For this pur- 
pose, the C-arc is mounted in the support in such a 
way that it can be rotated around an axis through 
the mid-point (isocentre) of the C-arc, its height can 
be adjusted with respect to the support and it can 
be shifted along the circumference of the C-arc. 

For special applications it is desirable for the 
apparatus to be capable of being divided into easi- 
ly manageable parts in order to permit it to be 
transported easily and with little possibility of dam- 
age between various locations where it is used. 
Here the dilemma arises that a division into several 
small parts is advantageous for ensuring safe trans- 
port, but that the stability and exact positioning of 
the components in mounted form can be negatively 
affected as a result Division into larger parts has 
the disadvantage that transport becomes less safe 
or much more time-consuming because units 
which are still assembled must be packed as a 
whole, completely shock-free. The most significant 
part of the apparatus in this respect is the C-arc 
with the X-ray source and the image intensifier 
tube. Both an X-ray tube with the related power 
supply, diaphragm etc. and an X-ray image intensi- 
fier tube with screening, television camera tube, 
power supply, etc. are relatively heavy compo- 
nents. In addition, it is precisely these two compo- 
nents which are very sensitive to shocks and there- 
fore require good shock-free packaging. The C-arc 
as such is much less sensitive to shocks and a 
much less strictly shock-free packaging can suffice 
for it This is all the more important because of the 
special shape and the relatively large dimensions 
of the C-arc. The disadvantages mentioned are 
further intensified by the fact that a unit which 
comprises the C-arc, the X-ray tube and the image 
intensifier tube is extra vulnerable precisely in that 
combination when separate from the support so 
that the danger of distortion of the C-arc during 
transport occurs. As a result good reciprocal posi- 



tioning later on may be made difficult or impos- 
sible. In the assembled state electrical contacts are 
usually established between the support or a sup- 
ply unit and the C-arc by means of a composite 
5 flexible cable. It is, of course, relatively easy to 
disconnect a flexible cable of this type. On the 
other hand, electrical contacts together with me- 
chanical connections between the C-arc and the X* 
ray source or the X-ray image intensifier, respec- 
70 tively, are much more complicated. 

The object of the invention is to provide a 
solution for this and for this purpose an X-ray 
diagnostic machine of the kind mentioned in the 
preamble is characterised in that the apparatus is 
75 composed of modules in which at least attach- 
ments between the C-arc and an X-ray source 
module and between the C-arc and an X-ray image 
• intensifier tube module are formed by easily con- 
trollable integrated mechano-electricai couplings. 

20 Since in an apparatus according to the inven- 
tion mechano-electricai decoupling mechanisms 
are fitted, for example, between the C-arc and an 
X-ray tube module and an X-ray image intensifier 
tube module, these components can be dismantled 
25 for transport in compact units and each can be 
separately packed to ensure optimum freedom 
from shock. The empty C-arc module, which is not 
very vulnerable, can be packaged for transport 
relatively easily and is also readily manageable as 
so such. 

In a preferred embodiment the mechano-elec- 
trica! couplings are fitted with pilot pins for exact 
positioning during assembly. For the mechanical 
positioning, end faces of the C-arc can act as 
35 reference stop surfaces. In a further embodiment 
extra pilot pins are fitted for an exact positioning of 
plugs and sockets of the electrical coupling and 
one of the electrical coupling elements is spring- 
mounted laterally. In order to avoid the need for 
40 high voltage connections at that point in a pre- 
ferred embodiment the high voltage supply for both 
an X-ray tube and for an X-ray image intensifier 
tube are incorporated in the relevant module. 

A C-arc module in a preferred embodiment 
45 comprises the actual C-arc and a roller mechanism 
for the above-mentioned circular movement of the 
C-arc. in the apparatus. In addition, this module is 
detachably connected to a pedestal for the C-arc, 
for example, with a blockable dovetail joint The 
so pedestal together with a rotatable and height-ad- 
justable column is then, in turn, mounted detachab- 
ly in a support as a separate module. 
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In an embodiment, an electrical control and 
operating module is detachably coupled to the mo- 
bile support. In addition, a drive motor for C-arc 
movements connected to the support can be de- 
signed for manual operation when the electrical 
i module is removed so that in this situation too the 
C-arc can be moved without an electrical power 
supply. 

In a preferred embodiment an X-ray source 
module can be rotated around an axis across the 
end face of the C-arc at that point As a result the 
X-ray tube can also be used for exposures which 
are not recorded with the X-ray image intensrfier 
tube on the C-arc but for example, by a bucky 
positioned laterally for X-ray film exposures. For 
preference, rotating the X-ray tube module out of a 
position in which it is aimed at the X-ray image 
intensifier tube blocks the fluoroscopy mode of 
operation of the apparatus. 

in a further preferred embodiment a leg of the 
support projecting in the direction of the mounted 
C-arc is fixed to a column section of the support so 
that it can be swung up. In addition, for preference 
care is taken to ensure that in that operation a fixed 
relation is not lost between control grips on the 
support and a control wheel in the swing-up leg. 
This is achieved in a preferred embodiment by 
blocking the coupling between the control grip and 
control wheel against changes when the leg is 
being swung up. The blocking cannot be cancelled 
until the leg is again in the working ' position. In 
another embodiment a column section of the sup- 
port can be detached as a separate module and 
the above-mentioned leg section is mounted on the 
undercarriage so that it can be swung back com- 
pletely. The blocking for the control mechanism 
can be maintained here, but alternatively the con- 
trol can be taken over by other wheels. 

In a preferred embodiment, activation of the 
apparatus is automatically blocked as long as the 
apparatus Is not assembled completely correctly. 
To permit a logical assembly of the apparatus, the 
relevant modules can be provided with consecutive 
serial numbers. For preference, all the control ele- 
ments to be assembled are finished in an alarm 
colour so that any decoupling in the operating 
phase is avoided. In addition, the colour of the 
control elements to be assembled and the above- 
mentioned serial numbers are, for preference, 
made to match each other. 

On the basis of the drawing, some preferred 
embodiments according to the invention will be 
described in greater detail below. In the drawing: 

Fig. 1 shows an X-ray diagnostic apparatus 
according to the invention in assembled for, 

Fig. 2 shows an overview of reciprocally 
detachable modules of this and 



Fig. 3 shows an example of packaged mod- 
ules of this. 

An X-ray diagnostic apparatus as drawn in Fig. 

. 1 comprises a mobile support 2, with, here, a 

6 mobile undercarriage 4 with casters 6. The under- 

carriage 4 comprises a leg aid with a caster 10. An 
electrical module 12 containing electrical power 
supplies, controls and a control panel 14 is placed 
on the support 2. The support 2 comprises a 
w column-shaped section 16 in which a pedestal 20 

is incorporated via a cylinder 18. The pedestal 20 
is connected to a C-arc 24 via a roller mechanism 
22. The C-arc can rotate around the cylinder 18. 
By moving the cylinder 18 and the column-shaped 
75 section of the support the C-arc can be moved 
vertically, while the C-arc can be moved along an 
arc of circle 26 of the C-arc in the roller mecha- 
nism 22. An X-ray source module 28 and an X-ray 
image intensifier tube module 30 are coupled to 
20 the C-arc 24. The above-mentioned possible move- 
ments of the C-arc permit an X-ray tube 32 incor- 
porated in the X-ray tube module and an X-ray 
image intensifier tube 34 placed in the X-ray image 
intensifier tube module 30 to be positioned with 
25 respect to a patient 37 lying on a supporting table 
36. In this way, a patient can be irradiated from 
many directions with an X-ray beam 38 emitted by 
the X-ray source 32, while the X-ray beam, after 
passing the patient is always intercepted by the X- 
30 ray image intensifier tube. For preference, the im- 
age intensifier tube module contains a television 
camera tube for reading out the image formed on 
an output screen of the image intensifier tube. A 
television monitor 40 with a control unit 42 is incor- 
35 porated for reproducing the images recorded in this 
way and an image processing unit 44 is incor- 
porated for image processing, image recording, 
image storage etc., which can, if necessary, also 
be equipped with a digital image processing sys- 
40 tern with a digital memory. A digital image process- 
ing system of this kind can, for example, also be 
equipped for forming digital subtraction images, for 
the reproduction of which a second monitor (not 
shown) can be incorporated if necessary. A flexible 
45 cable 46 ensures the electrical connection between 
the C-arc and the television playback or video 
processing system, preferably via the electrical 
power supply and control module 12, hereinafter 
called the electrical module. As is also shown in 
50 the figure, the image processing unit 44 is placed 
in a holder 45 in which it can also be transported 
and the monitor 40 is placed on a holder section 
49 fitted with wheels 47 for the image processing 
unit. An image playback system fitted up in this 
55 way can also be used as a stand-alone unit, for 
example, for image playback from elsewhere or of 
image recordings made previously. 



3 




5 



0 231 969 



6 



An overview of the various modules into which 
the image forming apparatus can be divided is 
presented in figure 2 and comprises the support 
module 2 with the undercarriage 4, casters 6 and 
leg 8 which is also shown here in the swung-up 
position. A lever 50 operates both an uncoupling 
mechanism whereby the leg 8 can be swung up, 
swung round or detached, and a coupling mecha- 
nism with which a given relation between the con- 
trol handgrips 52 and the control wheel 10 is bloc- 
ked. The blocking of the control device is only 
cancelled when the leg 8 is fixed in the operating 
position with the lever 50. Since the handgrips here 
are incorporated in the electrical module 12, cou- 
pling pins connected to the handgrips are incor- 
porated in this which, for example, operate a chain 
transmission system between the handgrips 52 and 
the control wheel 10. The column section 16 of the 
support comprises a cylinder 54 and a drive motor, 
not shown here, for moving the C-arc with respect 
to the support The drive mechanism for the C-arc 
in the dismantled state can be operated with a so^ 
called agadir control in emergencies. 

in another embodiment the column section 16 
constitutes a separate column module. For pref- 
erence, the leg 8 can then.be swung round through 
180® so that in the transport position' this lies on 
the other section of the now separate undercar- 
riage, but can also be mounted so that it is com- 
pletely detachable. The control device for mobility 
can also be designed in such a way that the control 
function of the wheel 1 0 Is taken over by the other , 
two wheels of the support The relatively complex 
coupling and blocking for swinging up the leg is 
thus avoided. A coupling does, however, remain 
between the handgrips 52 and, for example, a 
chain control drive for the wheels 6. The electrical 
module 12 can be coupled to a side of the carrier 
turned away from the leg 8, to which -as already 
mentioned -a coupling can also be made between 
the handgrips and the drive mechanism for the 
control wheel 10. All the coupling elements of the 
electrical module are mounted retracted with re- 
spect to an underside 58 of the module so that the 
electrical module can be put down without any 
danger of damage in the dismantled state. 

The pedestal module 20 can be coupled to the 
support via the cylinder 54. In view of the favoura- 
ble direction of gravity, the coupling can be earned 
out relatively easily and contains a clamping device 
to ensure a firm connection between the pedestal 
and support. The pedestal can be adjusted verti- 
cally via the cylinder 54 with the aid of the above- 
mentioned drive motor and the pedestal can also 
be rotated around the cylinder 54. The C-arc mod- 
ule, of which the shift mechanism 22 forms part, 
can be coupled to the pedestal, preferably by 
means of a dovetail joint which can be tightly 



clamped. The actual C-arc can perform a circular 
movement via the sliding mechanism. For pref- 
erence, this movement mechanism is blocked 
when the connection between the pedestal and C- 
5 arc module is uncoupled, as a result of which the 
sliding mechanism takes up a fixed position with 
respect to the C-arc in the dismantled phase. As 
already- mentioned, the C-arc with X-ray tube and 
X-ray image intensifier tube is a relatively unwieldy 
to unit In this unit the X-ray tube is incorporated in an 
X-ray tube module 28 which can be detached from 
the C-arc and the X-ray image intensifier tube is 
incorporated in a detector module 30. Strict posi- 
tioning applies with regard to the coupling of these 
is two modules, for which purpose, for example, the 
end faces of the C-arc can be shaped as a refer- 
ence stop phase. By means of pilot pins and a 
clamping device each of the modules can then 
easily be assembled in an exact position, for which 
20 purpose an auxiliary catch, for example, can be 
used, in addition, for the necessary electrical con- 
nections use is made of composite sockets which 
are positioned opposite each other by the mechani- 
cal pilot pins. Before forming the electrical con- 
25 tacts, repositioning is achieved here by fitting the 
elements which make mutual contact with an extra 
pilot pin construction. In addition, at least one of 
the contacting elements, preferably spring-mounted 
laterally, is fitted displaceably in the module. As a 
30 result, the plugs and sockets cannot be damaged 
during assembly. Here, too, care has been taken to 
ensure that the more vulnerable components are 
fitted recessed to some extent with respect to an 
outermost limit of the module at the relevant point 
35 As an extra safety measure during transport the 
contacting ends of the C-arc and its two modules 
which have to be coupled can be fitted with snap- 
on protective covers. For preference, all the de- 
coupling mechanisms are designed irr such a way 
40 that two deliberate successive operations must be 
performed to effect decoupling, for preference, a 
decoupling of a blocking of the mechanism for the 
actual decoupling. In the case of all the relevant 
decouplings, hence also for example in the case of 
45 an uncoupled image playback unit, the apparatus is 
blocked against operating during the fluoroscopy 
phase, as a result of which the emission of non- 
useful X-radiation is largely avoided. This naturally 
also applies for a construction of the apparatus 
so geared to the exposure phase, such as the rotation 
of the X-ray tube module out of a position aimed at 
the image intensifier, the attachment of a light- 
beam pointer, and so on. 

By way of example, figure 3 shows the X-ray 
55 source module 28 and the X-ray detector module 
30 incorporated in a box 60 which consists here of 
parts 62 and 64 and a lid section 66. After removal 
of the lid section with a part of the shock-absorbent 
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materia], not shown in the drawing, which for exam- 
ple can also be permanently fixed to the lid sec- 
tion, the modules 28 and 30 are accessible but are 
still well protected in their storage place. By remov- 
ing section 64 of the box the modules can be 
removed without lifting them up, partly for which 
purpose the modules are fitted with handgrips 68, 
69 and 70. The X-ray source module here com- 
prises a diaphragm holder 72. Other small compo- 
nents' can be stored in recesses in the box beside 
the two modules in which respect, of course, the 
shock-proofing of the modules must not be im- 
paired. In addition to the above-mentioned pack- 
aging for the image playback device as shown in 
fig. 1 and the box lor the modules 28 and 30 
shown in fig. 3, the whole apparatus can, for exam- 
ple, go into another box for the undercarriage mod- 
ule 4, a box for the column module 16, a box for 
the power supply and control module 12, and a box 
for the C-arc with, for example, the slide block 
assembly 20 and 22. For preference, the packaging 
for the image playback device 64 comprises two 
boxes which, as mentioned, are stacked one on top 
of the other in the operating phase. By advanta- 
geously selecting the dimensions, the external 
length, width and height of the various boxes, these 
can be transported completely, or almost com- 
pletely, stacked in a closed block, in which respect 
it is nevertheless preferable for all the boxes to 
stand upright 



Claims 

1. X-ray diagnostic machine with a mobile sup- 
port for a C-arc to which an X-ray source and an 
image intensifier tube are attached opposite each 
other, characterised in that the apparatus is com- 
posed of modules in which at least attachments 
between the C-arc and an X-ray source module 
and between the C-arc and an X-ray image Intensi- 
fier tube module are formed by easily controllable 
integrated mechano-electrica! couplings. 

2. X-ray diagnostic machine according to claim 

1. characterised in that the couplings are equipped 
with pilot pins for correct mechanical positioning 
and electrical coupling. 

3. X-ray diagnostic machine according to claim 

2, characterised in that an extra pilot pin is incor- 
porated for more exact positioning of plugs and 
sockets of the electrical coupling by a spring- 
mounted lateral post-positioning of one of the elec- 
trical coupling elements. 

4. X-ray diagnostic machine according to one 
of the above claims, characterised in that a high 
voltage generator required for both an X-ray source 
module and an image intensifier tube module Is 
incorporated. 



5. X-ray diagnostic machine according to one 
of the above claims, characterised in that a C-arc 
module with the actual C-arc and a roller mecha- 
nism for this is detachably connected to a pedestal 

5 for this by a blockable dovetail joint. 

6. X-ray diagnostic machine according to one 
of the above claims, characterised in that a pedes- 
tal for the C-arc together with a rotatable and 
height-adjustable column which can be mounted on 

ro the support is detachable from the support as a 
module. 

7. X-ray diagnostic machine according to one 
of the above claims, characterised in that an elec-, 
trical control module is detachably coupled to the 

75 . support. 

8. X-ray diagnostic machine according to claim 
7, characterised in that a drive mechanism for 
adjusting the height of the C-arc can at least be 
operated manually when the electrical control mod- 

20 ule is removed. 

9. X-ray diagnostic machine according to one 
of the above claims, characterised in that the X-ray 
source can be rotated across an end face of the C- 
arc through an angle of between + and -90* with 

25 respect to a position aimed at the image intensifier 
and is automatically blocked in this latter position. 

10 . X-ray diagnostic machine according to one 
of the above claims, characterised in that a leg of 
the support projecting in the direction of the C-arc 

oo is fixed so that rt can be detached or swung up. 

11. X-ray diagnostic machine according to 
. claim 10, characterised in that when the leg is 

moved out of a working position a control position 
between a caster at one end of this leg and a travel 

35 control lever on the electrical module is automati- 
cally blocked. 

12. X-ray diagnostic machine according to one 
of the above claims, characterised in that activation 
of the X-ray source for a given phase of operation 

4o is blocked as long as all the components for that 
phase of operation are not correctly assembled and 
electrically connected. 

13. X-ray diagnostic machine according to 
claim 12, characterised in that in a position in 

45 which the X-ray source is not aimed at the image 
intensifier tube activation for fluoroscopy is bloc- 
ked. 

14. X-ray diagnostic machine according to one 
of the above claims, characterised in that when a 

so light beam pointer is mounted on the X-ray source 
module an X-ray beam diaphragm is automatically 
adjusted to a maximum transmission position. 

15. X-ray ‘diagnostic machine according to one 
of the above claims, characterised in that all the 

55 dismantling operations are indicated in a logical 
sequence on the machine with distinguishing 
marks. 
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16. X-ray diagnostic machine according to 

claim 13, characterised in that close to interconnec- 
ting surfaces the modules to be coupled are "pro- 
vided with a reference marking in order of the 
sequence of operations. 5 

17. X-ray diagnostic machine according to one 

of the above claims, characterised in that all the 
coupling and uncoupling levers have an alarm col- 
our which differs sharply from other parts of the 
machine. 70 
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